A simple amorphous molecule, tri(3,5-di-tert-butoxycarbonyloxybenzyl) 1,3,5-benzenetetracarboxylate (4) was prepared from 1,3,5-benzenetricarbonyl trichloride (3) and 3,5-di(tert-butoxycarbonyloxy)benzyl alcohol (2). Compound 4 can form an uniform transparent film by spin-casting on silicone wafer and the film has a good transparency above 300 nm wavelength. The chemically amplified photoresist system based on 4 containing 5 wt% of diphenyliodonium 9,10-dimethoxyanthracene-2-sulfonate (DIAS) showed a sensitivity of 19 mJlcm2 and a contrast of 17 with 365 nm light.
Introduction
The development of chemically amplified resist systems over the past 20 years has realized significant advancement in the performance of microelectronic devices and further technological improvements are expected to bring about the resolution of smaller sizes.l~ In the near future, nanometer-size lithographic patterns and resist materials with the capability of such resolution will be required. One of the most promising breakthroughs to achieve this goal is to reduce the particle size of the resist materials. Lowmolecular-weight organic compounds may offer some advantages over polymers in this point.
However, low-molecular-weight compounds are generally apt to crystallize and don't form amorphous films. Therefore, these compounds require the vacuum deposition technique to make films. Compared to vacuum deposition technique, spin coating has the much better advantage of ease and speed of fabrication, which makes it attractive for the industrial-scale manufacture of devices. Shirota et at have suggested a new guideline for molecular design of low-molecular-weight amorphous materials, called "amorphous molecules", that is, increasing the number of conformers by lowering the symmetry of nonplanner molecules.2~ In addition, a definite molecular weight and a good processability of "amorphous molecules"
, is advantageous for casting a transparent and tough film. They reported several molecular resists containing vinyl and tert-butoxycarbonyl (t-Boc) groups.3~ On the other hand, we have also found such materials based on calixarenes as a core compound.4~
The highly branched structure and small I. Photopolym. Sci. Technol., Vo1.14, No.2 , 2001 uniform size of dendritic molecules are also expected to offer advantages in the resolution of resist systems. (2) Di-tert-butyl dicarbonate (11.5 mL, 5 0 mmol) was added to a solution of 3,5-dihydroxybenzyl alcohol (1) (3.5 g, 25 mmol) and K2CO3 (6.9 g, 50 mmol) in acetone (125 mL). The reaction solution was stirred at room temperature for 30 h. The white opaque solution was filtered and evaporated. Then, obtained colorless liquid was dissolved in t-butyl methyl ether and then the solution was extracted with 1 M NaOH solution three times, washed with water, and dried over with magnesium sulfate. The ether solution was concentrated with a rotary evaporator. The selectively protected alcohol 2 was obtained as a white powder. Tri(3,5-di-tert-butoxycarbonyloxybenzyl) 1,3,5-benzenetricarboxylate (4) A solution of 3 (0.5 g, 2 mmol) in THE ( 5 mL) was added slowly into an ice-cooled mixture of 2 (2.5 g,7.2 mmol) and triethylamine (TEA) (1 mL, 7.2 mmol) in THE (20 mL). After the addition, the reaction solution was stirred for 1 hr at room temperature. The salt was filtered off, then the solvent was evaporated. The product was purified by the column chromatography. To a solution of compound 4 dissolved in a concentration of 20 wt % in cyclohexanone was added 5 wt% of photoacid generator (DIAS). This solution was filtered thorough a 0.5 µm filter, then spin-coated at 1500 rpm on silicon wafer that was treated with 1,1,1,3,3,3-hexamethyldisilazane. The spin-cast film was prebaked at 100 0 C for 3 min, and then exposed to filtered super-high pressure mercury lamp.
Imagewise exposure was carried out in a contact mode. The exposed film was developed with a 2.38 wt% aqueous tetramethylammonium hydroxide (TMAH) solution at room temperature. 2.6. Measurements FTIR spectra were measured on a Horiba FT-720 spectrophotometer. 1H and 13C NMR spectra were recorded on a BROKER DPX-300 spectrometer. Thermal analyses were performed on a Seiko SSS 5000 TG-DTA 220 thermal analyzer at a heating rate of 10 °C/min for thermogravimetry (TG) and a Seiko SSS5000 DSC220 at a heating rate of 5 °C/min for differential scanning calorimetry (DSC) under nitrogen.. The scanning electron micrograph image was taken by a Hitachi S-800 microscope.
Results and Discussion
Many polymers having phenol units have been used as positive working photoresists in microlithograpy, where phenol units are responsible for alkaline development. Therefore, a core molecule with phenol groups at periphery would be suitable as a resist. 3,5-dihydroxybenzyl alcohol (1) was selected as a compound possessing a phenol group. A chemoselective acylation of 1 was very difficult. Thus, 3,5-di(tert-butoxycarbonyloxy)benzyl alcohol (2) was prepared from hydroxybenzaldehyde (Scheme 1) in two steps. The chemoselective acylation of 1 using di-tertbutyl dicarbonate was investigated. And it was found that K2CO3 as a base instead of conventional bases such as 4,4'-demethylaminopyridine (DMAP) and triethylamine was very effective. The reaction of 1 with di-tert-butyl dicarbonate in the presence of K2CO3 in acetone proceeded smoothly at room temperature, giving compound 2 in 94 % yield (Scheme 2). As described in Introduction, the guideline for molecular design of "amorphous molecules" is to increase the number of conformers by lowering the symmetry of non-planner molecules. We found that a simple compound, tri (3,5-di-tertbutoxycarbonyloxybenzyl) 1,3,5-benzenetricarboxylate (4) obtained from 2 and 1,3,5-benzenetricarbonyl trichloride (3) became an amorphous molecule.(Scheme 3) The structure of 4 was identified by IR and 'H, 13C NMR spectroscopies . The FTIR spectrum showed characteristic absorptions at 1 762 and 1735 cm' due to the ester carbonyl stretching. Figure 1 shows the 'H-NMR spectrum of 4 with all of the assignments. The integral ratio of cored aromatic protons (8.9 ppm) and benzyl methylene protons (5.41 ppm) is exactly 1:2. The deprotection temperature of t-BOC group was examined by thermogravimetry (TG). The DSC curve shows the glass transition temperature (Tg) at 50 °C (Figure 3 ). This indicates compound 4 is amorphous, which is preferable for the film formation. The UV-visible spectrum of a 1.4 µm thick film of 4 indicates that the film is entirely transparent above 300 nm wavelength (Figure 4 ) Thus, photoacid generator (DIAS) having a strong absorption in the range of 330-450 nm can be used as a photoactive compound. We formulated a chemically amplified resist system consisting of compound 4 (95 wt%) and DIAS (5 wt%) in cyclohexanone. The films spincast on a silicone wafer were prebaked at 100 °C for 3 min, exposed to 365 nm UV radiation. To investigate the dissolution behavior of exposed and unexposed areas, the effects of the post-exposure bake (PEB) temperature as well as PEB time on the dissolution rate were studied by observing the changes of the dissolution rate of the resist films exposed 40 mJ/cmz, postbaked at 85-115 °C and developed with a 2.38 wt% aqueous TMHA solution at room temperature.
The dissolution rate of the exposed areas increased with increasing the PEB temperature. On the other hand, the unexposed areas were insoluble in the developer ( Figure 5 ). The study on the effect of PEB time ( Figure 6 ) showed that the high dissolution contrast was obtained after PEB treatment of 45 sec. The difference of the dissolution rates between exposed and unexposed parts reached more than 103 times at 90 °C for 45 sec. Based on these findings, the photosensitivity of the resist was evaluated. The sensitivity curve as shown in Figure 7 indicates that the sensitivity and contrast are 19 mJ/cm2 and 17, respectively. 
Conclusion
We successfully developed a new amorphous molecule 4 having the advantage of use as a resist material by condensation of 1,3,5-benzenetricarbonyl trichloride 3 and 3,5-di(tertbutoxycarbonyloxy)benzyl alcohol 2. The new positive working alkaline developable resist consisting of 4 and the photoacid generator DIAS showed the high sensitivity (19 mJ/cm2) and contrast (17) to UV light. The simple amorphous molecule found in this study will be helpful to develop new resist materials. Sci. Technol.,1999, 12, 347-352 . e) 0. Haba, K. Haga, and M. Ueda. Chem. Mater., 1999, 11, 427-432. 
